Variations of annual and semiannual oscillations in rotation parameters have been investigated on the basis of length-of-day (LOD) as well as atmospheric-angular-momemtum (AAM) time series. These oscillations were determined using band-pass filters. In order to show the character of variations of seasonal oscillations, amplitudes, phases and periods were computed by a least-squares adjustment with the method of modified harmonic analysis at quarterly intervals. In addition, the seasonal imbalances in LOD and AAM budgets were determined and analysed in a similar way. These discrepancies were corrected for tidally excited effects. The non-atmospheric oscillations without the annual tide effect Sa and the semiannual tide effect Ssa have changeable amplitudes between 0.02 and 0.10 ms.
Introduction
Changes in the Earth system take place on various space and time scales. They reflect processes and cycles with complicated interactions. Phenomena of global dynamics of the Earth are the motions of the rotational axis in space (precession and nutation motions) and in the terrestrial body (polar motion) as well as the variations of the angular velocity or lengthof-day variations (changes in the Earth's rotation). These variations of the Earth's rotation vector are caused by external forces (gravitational forces of the Sun, Moon and planets) and internal geophysical processes. If the Earth's rotation behaviour is described in the rotating, terrestrial body-fixed reference frame, the recorded effects mainly have geophysical causes. Variations in the polar motion and Earth rotation are caused by processes associated with mass redistributions and coupling torques, i. e., dynamic processes. Therefore the research of the Earth's rotational behaviour and its relation to dynamic processes is important for the progress in knowledge. Here the major objective is to develop a model of dynamics of the Earth as completely as possible.
Since the middle of the seventies, Satellite-Laser-Ranging (SLR) data are used for determining temporal variations of the Earth rotation parameters (ERP). Compared to earlier data, the time series obtained in this way have a higher accuracy and a higher temporal resolution. Complementary to the series of Earth Rotation Parameters there are atmospheric angular momentum (AAM) estimates derived from meteorological data. The annual and semiannual oscillations in polar motion and length-of-day are dominated by atmospheric effects. This has been shown in recent investigations (Höpfner 1995a (Höpfner -d, 1996 which involve ERP data computed by the International Earth Rotation Service (IERS) and AAM data computed by the U. S. National Meteorological Center (NMC) at daily intervals from 1976 to 1987, i. e. Modified Julian Date (MJD) from 42960.0 to 47160.0. The purpose of this paper is to present the seasonal oscillations in LOD and AAM and discuss their variability with time as well as to show how much non-atmospheric excitations contribute to seasonal oscillations of Earth rotation.
Data sets
In this study the following series of data have been used: (a) LOD series Earth rotation parameters at one-day intervals computed by the GeoForschungsZentrum Potsdam (GFZ) labelled ERP (GFZ) L04 using Satellite (Montag et al. 1993 (Montag et al. , 1994 . From the LOD, tidal oscillations were removed with periods up to 35 days (McCarthy 1992) . Therefore the tidal effects Sa and Ssa are still contributing to the seasonal oscillations of LOD.
(W) series Atmospheric-angular-momentum functions at one-day intervals computed by the U. S. National Meteorological Center (NMC) labelled AAM (NMC) using atmospheric wind and pressure data starting in July 1976 (MJD 42960.0) and updated till December 1993 (MJD 49352.0) ; the values related to ERP are the equatorial components , and the axial component for Wind (W) and Pressure (P) without and with Inverted Barometer (IB), provided by IERS. LOD is the excess of the duration of the day to 86400 seconds. At seasonal and higher frequencies variations in LOD are mainly caused by exchange of axial angular momentum between the atmosphere and the solid Earth. The main contributions to ¤ are global zonal winds in the troposphere and the stratosphere. Since changes in are accompanied by equal but opposite changes in the Earth's angular momentum, we have:
where
are the atmospheric variations of LOD, i. e., LOD inferred from AAM. There are discrepancies between LOD and ! " 8 $ 9 & . These are given by
where Linear transversal filters with the form of a moving weighted average have be designed for separating the major components: (a) Low-pass filter The filter is a 731-term window with weights from 1 to 10 and the sum of the weights reaching 4024. The smoothing procedure averages out variations with periods of less than 475 days nearly completely. It yields the trend component, where the first and last 365 values of the original time series cannot be processed in this manner, i. e., the series of the trend are truncated at the beginning and at the end. (b) Band-pass filters The filters for separating the annual and semiannual oscillations are a 1589-term window and a 787-term window, respectively. They have a cosine shape modified over four periods as weight function. By applying the band-pass filters the filtered series are truncated by 794 and 393 values, respectively, at both edges of the analysis interval. Both filters yield results for the suitable central frequency in a narrow frequency range. Figure 2 shows the characteristics of the filters used here. As can be seen, the different components are well-separated from each other by using the designed filters.
The trend of the length-of-day variation is characterized by slow variations driven by the dynamical influence of the Earth's liquid core and climatic variations in the atmosphere (see e. g. Dickey 1990 ). 
) 4 Analysis of seasonal oscillations
Method and results
As can be seen in Figures 3 and 4 , the annual and semiannual oscillations change with time. In order to quantify the temporal changes, amplitudes, phases and periods were computed separately for the different components by a least-squares adjustment with the method of modified harmonic analysis at quarterly intervals, where the period of time chosen for each individual processing is 365 days for the annual oscillation and 183 days for the semiannual oscillation, respectively, plus 29 days at the beginning and at the end of the corresponding period of time moving through the whole time span. The estimated phases refer to cosine functions, where the arguments are expressed with negative phase values. For periodic portions with a very small amplitude, here in particular for the annual non-atmospheric component with and without the tidal effect Sa as well as the semiannual non-atmospheric component without the tidal effect Ssa, the period should not be included in the adjustment as an unknown. Figure 5 shows the temporal variation of the total oscillation (LOD), the atmospheric component ( )
